Abstract. it is well known that late-onset hypogonadism in males can cause a variety of symptoms, and the differential diagnosis is relatively difficult, including psychological disorders, stress, and mood disturbances. The level of serum cortisol can be measured to reflect a patient's level of stress. Salivary hormones facilitate the evaluation of physiological hormonal actions based on free hormone assay. For the simultaneous measurement of testosterone and cortisol levels in saliva, we validate a sensitive liquid chromatography-tandem mass spectrometry (LC-MS/MS) assay. Concerning accuracy and precision, the lower limit of quantification of salivary testosterone and cortisol were established as 5 and 10 pg/mL, respectively. Testosterone and cortisol in saliva is stable for 2 days, 14 days, and 28 days at room temperature, refrigeration and frozen, respectively. Freezing and thawing for 3 cycles and stimulation of salivation with gum chewing do not alter the measured values of testosterone and cortisol. Total, bioavailable, and free serum testosterone showed slight diurnal changes, but total and bioavailable serum cortisol showed marked diurnal changes. Salivary testosterone levels negatively correlate with age, regardless of the time of saliva collection (r=0.64, p<0.05). However, there is no relationship between salivary cortisol and age (r=0033, p>0.05). LC-MS/MS allows rapid, simultaneous, sensitive, and accurate quantification of testosterone and cortisol in saliva for the diagnosis late-onset hypogonadism or other hormone related disease. 2]. The differences may be associated with molecular structure variations in water solubility, differences in binding affinity to sex hormone-binding globulin (shBg) in serum, or the serum free hormone ratio [3] . However, the mechanism by which hormones are secreted in saliva via blood remains to be clarified. Autoradiograms showed free T was secreted in saliva without binding to SHBG [4] . Recent studies reported t and F in saliva were useful for evaluating bioavailability and accurately reflected serum hormone activity [1, 3, [5] [6] [7] [8] . Some studies indicated the measurement of salivary hormone levels facilitated the evaluation of precise physiologic actions based on free hormone activity, which could not be confirmed based on total blood hormone levels [1, 3, 6, 9] . therefore, salivary hormone measurements have re-
SAlivA contains many hormones and can be used to detect the presence of drugs and antibodies. The salivary concentrations of steroid hormones are approximately 1 to 5 % of their serum concentrations; the percentage in comparison to serum concentrations depends upon the type of hormone. Cortisol (F) shows the highest percentage (approximately 5%), followed by testosterone (T; approximately 2%); estradiol has the lowest percentage (1% or less) in healthy adults [1, 2] . The differences may be associated with molecular structure variations in water solubility, differences in binding affinity to sex hormone-binding globulin (shBg) in serum, or the serum free hormone ratio [3] . However, the mechanism by which hormones are secreted in saliva via blood remains to be clarified. Autoradiograms showed free T was secreted in saliva without binding to SHBG [4] . Recent studies reported t and F in saliva were useful for evaluating bioavailability and accurately reflected serum hormone activity [1, 3, [5] [6] [7] [8] . Some studies indicated the measurement of salivary hormone levels facilitated the evaluation of precise physiologic actions based on free hormone activity, which could not be confirmed based on total blood hormone levels [1, 3, 6, 9] . therefore, salivary hormone measurements have re-filling) for solid-phase extraction was purchased from Varian Inc (CA, USA). We used liquid chromatography mass spectrometry (LC-Ms) grade methanol and acetonitrile. Hormone-free saliva (zero saliva) and serum (zero serum) were prepared by adding 8 g of activated carbon and 0.5 g of dextran to 100 mL of saliva and serum, agitating these samples on ice overnight, and then centrifuging at 3,000 x g. The obtained supernatants were again centrifuged at 8,000 x g for 2 hr to produce hormone free saliva or serum.
Participants and specimen collection
This study was approved by the Ethics Committee of Kanazawa university hospital and informed consent was obtained from all participants. Healthy volunteer males aged 25 to 65 years were classified into four age groups: 5 subjects 21 to 30 years old, 6 subjects 31-40 years old, 6 subjects 41-60 years old, and 5 subjects greater than 61 years old. These healthy control subjects who had no history of illness and were not taking medications were enrolled in this study. For saliva collection, the mouth was rinsed with water and then saliva was directly placed in a Bakelite test tube (15 mL) and stored at -70°C until analysis. Blood samples were centrifuged to isolate serum. Serum samples were stored at -70°C until analysis.
LC-MS devices and measurement conditions
We employed an API 4000 electrospray ionization (Esi) mass spectrometer (applied Biosystems/ MDS SCIEX, Foster City, CA, USA). For high-performance liquid chromatography (HPLC), we used an agilent 1100 device (agilent technology, Ca,usa), HTC PAL autosampler (CTC Analytics, Zwingen, switserland), and Cadenza Cd-C18 column (3 µm, 3 x 150 mm) (Imatake, Kyoto, Japan). For MS measurements, we employed the positive-ion mode and the injection volume was 10 µL. The ion spray voltage and ion source temperature were established as 5,000 V and 500°C, respectively.
Extraction and purification of T and F in saliva and serum
Serum (100 µL) was diluted with purified water to prepare a volume of 1 mL. Methanol IS solution (T-d3, 1 ng; F-d4, 2 ng/100 µL) was added to the saliva (1 ceived much interest.
to measure trace hormones in saliva, radioimmunoassay (ria) and enzyme immunoassay (Eia) techniques have been employed, as reported for serum hormone measurements [10] [11] [12] . However, the values markedly differ compared to those determined by liquid chromatography-tandem mass spectrometry (LC-MS/MS) [13, 14] . Therefore, we determined salivary hormone levels using a standard method for steroid hormone micro-measurement, LC-MS/MS. Generally, the sensitivity of this method is approximately 10 to 100 times higher than that of ria, with a high degree of accuracy. Furthermore, the simultaneous quantification of several steroid hormones facilitates an accurate differential diagnosis.
salivary testosterone is not only utilized to evaluate androgen related conditions, but also in research on emotion and sports medicine [15] [16] [17] . Some investigators proposed salivary testosterone level as a criterion of late-onset hypogonadism (Loh) in males [7, 18] . On the other hand, salivary cortisol may be useful for evaluation of the degree of stress and in the diagnosis of hormone related diseases, such as Cushing's disease [19] [20] [21] [22] . Males suspected of having Loh in males show various clinical symptoms including reduced concentration ability, abulia, hypochondriasis, mood disturbances, and passivity. It is important to accurately differentiate Loh from stress and depression disorders [23] .
In this study, we established a method for simultaneous measurement of salivary t and F using LC-Ms/ MS to confirm absolute ranges of T and F levels. In addition, we investigated saliva collection methods, storage conditions, and diurnal changes in these hormones in healthy adults for the purpose of aiding in the differential diagnosis of stress and depression disorders from LOH in males.
Materials and Methods

Reagents
T and F were purchased from Sigma Co., Ltd (St. Louis, MO, USA). Internal standard (IS) substances, testosterone-d 3 (T-d3) (testosterone-16,16,17-T and F levels were additionally measured.
Diurnal changes in the serum or saliva levels of T and F
Changes within 24 hours: saliva and serum samples were collected for different age groups from healthy males (n=22) at 6:00, 9:00, 14:00, 17:00, and 22:00. Changes over 4 days: saliva was collected from healthy males (n=5) at 9:00, 13:00, 17:00, and 21:00 for 4 consecutive days.
Quantification of bioavailable T and F in serum
Measurement of bioavailable T and F: SHBG was aggregated by adding 5% concanabalin A (50 µL) to serum (0.1 mL), and then removed by centrifugation [25] . After free and albumin-binding, T and F in the supernatant fraction were extracted with ethyl acetate. The T and F levels were determined using LC-MS/MS.
Statistical analysis
Data were analyzed using the Statistical Package for the social sciences statistical software version 11.0 (SPSS, Chicago, IL, USA). Associations between variables were examined using Pearson's product moment correlation coefficient. A P value of < 0.05 was considered statistically significant.
Results
Quantification validation
The calibration curves were constructed using IS T-d3. The regression lines obtained were linear with a correlation coefficient of 0.999 within the range of 5-1000 pg for T and 10-1000 pg for F. In the validation results, the detection rates of t and F in the measurement areas in purified water, zero saliva, and zero serum were 15 % or less of those of T at 5 pg and F at 10pg. The respective ion intensity was 4 % or less of that of t-d 3 at 1,000 pg or F-d4 at 1,000pg. There was no influence on the quantification of T or F. Concerning precision and accuracy of quantification, these two parameters were both within 20% or less. The lower limit quantities of saliva T and F were established as 5 and 10pg, respectively (Table 1 ). This method was highly reproducible, accurate, and sensitive. mL) and diluted serum. These samples were mixed with 4 mL of ethyl acetate, agitated for 10 minutes, and centrifuged at 3,000 rpm for 10 minutes. After the water layer was frozen, the ethyl acetate layer was isolated. The solution was evaporated using a centrifugation evaporator. The extract was dissolved in 100 µL of 70% acetonitrile solution, and 10 µL of this solution was injected into the LC-MS/MS device.
Validation for the simultaneous quantification of T and F in saliva and serum
the methods used for LC-Ms/Ms device were essentially similar to those described previously [9, 24] . Specificity: Zero saliva (1 mL) and serum (0.1 mL) from healthy males (1 mL) were extracted, as described above. Subsequently, a portion of these extracts was analyzed via LC-MS/MS. T, T-d3, F and F-d4 were determined using selective reaction monitoring (srM) of the following transitions (m/z) 289.3 -97.3, 292.3 -97.3, 363.3 -327.1 and 367.3 -331.3 respectively. Recovery rate: t or F (100 pg) was added to zero serum, and then extracted/purified, as described above. LC-MS/MS was performed. Reproducibility test: Using zero serum (n=5) or saliva (n=5), an intraday reproducibility test was conducted within the concentration ranges of t and F shown in the Results section. Interday reproducibility (n=15) was investigated 3 times on different days at the same concentrations as employed in the simultaneous reproducibility test.
Storage stability of saliva using a portion of saliva collected from healthy males (n=12, approximately 10 mL), we immediately analyzed t and F and regarded measurements as initial values. Subsequently, the residual saliva was stored at room temperature (25°C), in a refrigerator (8 to 12°C), or in a freezer (-65 to -72°C) for 1 to 4 weeks. individual samples were analyzed for serial changes in the T and F levels.
Freezing and thawing of serum and saliva
We measured the levels of T and F in saliva and serum collected from healthy males (n=12), and regarded the values as initial values. Subsequently, the same samples were frozen and thawed 3 times, and then the days, the stability of T was 80% or less in 2 samples. When saliva was further stored in this state, the stability was reduced. When saliva was stored in a refrigerator for 7 days, the stability of T was 80% or less in 2 samples. When saliva was stored in a freezer for 28 days, all samples were stable (Fig. 1a) ; suggesting that
Storage stability of saliva
The results regarding the stability of T and F in saliva samples (n=12) stored at room temperature, in a refrigerator, or in a freezer are indicated in Fig. 1a and 1b. When saliva was placed at room temperature for 2 Freezing and thawing
When serum and saliva were run after being frozen and thawed 3 times, the stability of T and F, in comparison with the initial values, was 95.7%.
Stimulation of saliva secretion and the saliva levels of T and F
In healthy males aged 20 to 60 years (n=12), we examined changes in the salivary levels of t and F when saliva secretion was stimulated with gum chewing and in the absence of stimulation using the cross-T is stable in frozen saliva.
Concerning F, when saliva was placed at room temperature for 2 days, 2 samples showed a variation of 20% or more of the initial value. When saliva was further stored in this state, the variation increased. however, when saliva was stored in a refrigerator for 14 days or in a freezer for 28 days, the stability of F was 90% or more (Fig. 1b) . Under these storage conditions, saliva F was stable. When an equivalent volume of ethanol was added to saliva, and placed at room temperature for 5 days, the rates of change in the T and F levels were 15% or less of the initial values. 
fig. 1b
Relationship of the saliva T and F levels to age the relationship of the saliva t and F levels to age was evaluated. There was a negative correlation between the saliva t level and age regardless of the time of saliva collection (r=0.64, P<0.05) (Fig. 5a ). However, there was no relationship between salivary F and age (r=0033, P>0.05) (Fig. 5b) .
Discussion
the presence of several steroid hormones in saliva has been reported previously [26] . However, as their levels are much lower than in blood, only some salivary hormones have been utilized in research. On the other hand, the use of saliva for hormone measurements facilitates sample collection and is a noninvasive, inexpensive procedure; thus, it may be very advantageous.
the measurement of t, F, and various steroid hormones is utilized in research fields such as sports medicine, clinical psychology, and pediatric clinic [6, 16, 17, 21, 27] . However, values markedly differ among investigators. For example, Granger et al. reported the female saliva level of t ranged from 2 to 10 pg/ mL [27] ; while, Kivlighan et al. indicated the level ranged from 100 to 250 pg/mL [28] . The difference was possibly due to limitations of the measurement method and sample management [29] [30] [31] . When saliva hormones are directly quantified using a kit designed for the measurement of blood hormones, values are increased due to the presence of a substance that inhibits the immune response in saliva [12] . As salivary T and F levels correspond to 1 to 5% of their serum level, direct quantification using a kit for measuring serum hormones is limited due to differences in detection sensitivity and matrix, compared to serum. These limitations need to be overcome to measure saliva hormones. over method. The results are shown in Table 2 . There were no marked changes in the saliva t or F levels regardless of the presence or absence of stimulation.
Absolute ranges and diurnal changes in the blood and saliva levels of T and F
the diurnal changes in the t and F levels in saliva samples from healthy males aged 20 to 65 years (n=22) were evaluated with respect to age of sample. The saliva T level was highest at 6:00 (range 130 to 50 pg/ mL), it was 40 to 90 pg/mL from 9:00 to 17:00, and decreased at 17:00 or later (30 to 60 pg/mL) (Fig. 2a) . The level of salivary F was also the highest at 6:00 (range 2.5 to 3.5 ng/mL) and gradually decreased to a minimum at 22:00 (0.5 ng/mL). The minimum corresponded to approximately 20% of the highest value, showing a marked diurnal change (Fig. 2b) . The changes in the average values of both T and F levels in saliva samples from healthy males aged 20 to 65 years (n=5) over 4 days are shown in Fig. 3 ; T showed a slight diurnal change in the evening and was stable in the morning.
Absolute ranges of total, bioavailable, and free T and F values in serum
The estimated absolute values of total, bioavailable, free, and saliva T were approximately 6000, 950, 70, and 10 pg/mL, respectively. The estimated absolute values of total, bioavailable, and saliva F were approximately 100, 40, and 3 pg/mL, respectively. Therefore, the ratio of salivary/total T and F is 1.2% and 3.0%, respectively, in this study. It should be considered that total, bioavailable, and free T in serum showed slight diurnal changes (Fig. 4a) , while total and bioavailable F in serum showed marked diurnal changes (Fig. 4b) . demonstrating influences, such as dental care and sample management [30, 31] , have an effect on saliva hormone analysis. It is known that there are marked changes in hormone levels when the contamination from micro bleeding gums is present at the time of collection [28] . Therefore, saliva collection immediately after tooth brushing should be avoided. a second limitation in saliva collection is adsorption to instruments. Saliva T level are ~ 100 pg/mL or less and the steroid-binding protein levels are low; therefore, adsorption to instruments is a problem. When a linen rope is used for chimpanzee saliva collection, the rate of F adsorption is approximately 10% [9, 29] . Furthermore, cotton used in a container for We developed a method for simultaneous quantification of T and F in saliva using LC-MS/MS [9, 24] , which has high specificity, sensitivity, and accuracy in the micro-quantification of steroid hormones. In the present study, the absolute range of saliva T was 50 to 130 pg/mL early in the morning and 40 to 90 pg/ mL during daytime. The absolute range of the saliva F was 2.5 to 3.5 ng/mL early in the morning, which gradually decreased to a minimum at late night (0.5 ng/mL). The ratio of salivary to total T and F is approximately1.2% and 3.0%, respectively, in healthy adult males.
in addition, we investigated the management of salivary samples on evaluated T and F. There are reports changes. This suggests the involvement of steroidmetabolizing enzymes existing in saliva, especially 17 β-hydroxysteroidodehydrogenase and 11β-hydroxysteroidodehydrogenase. The addition of NNa3 inhibited this enzymatic activity; however, it was not complete [29] . Saliva should be stored in a freezer immediately or with the addition of an equivalent volume of ethanol after collection. It is most convenient to store saliva in a refrigerator for 2 days or less ( Fig. 1 a,b) . Finally, diurnal changes in salivary t level are less marked than those of F. The former is high early in the morning, and does not change between 1:00 and 5:00 p.m. At 9:00 p.m., it slightly decreases. This patsaliva collection (salivette) contains several hormones and a relatively large amount of hormone is adsorbed to this cotton; therefore, values differ from those when saliva is collected directly [31] . The most reliable method is to collect saliva by direct spitting into a tube. If necessary, saliva secretion can be stimulated with gum chewing, as shown in Table 2 .
the third important limitation is the management and storage of saliva samples. As shown in Fig. 1a .b, when saliva was placed at room temperature for 24 hours, the sample levels of t and F increased or decreased. However, the addition of an equivalent volume of ethanol to saliva reduced this change. When saliva was stored in a freezer, there were no marked ation with salivary F has been reported [33] . Aging is associated with an increased prevalence of mental and physical health problems. LOH in males can cause a variety of symptoms and the differential diagnosis includes psychological disorders, stress, and mood disturbances [33] [34] [35] [36] . Saliva T diurnal variation vary according to the patients' psychological disorders [27] . Moreover, saliva hormones facilitate accurate evaluation of fine physiological changes, which can be detected by diurnal patterns and age-related declines in the serum hormone, because multiple specimens can be obtained from the same individual at the optimum times for evaluation of hormone status.
the accurate assessment of these hormone levels is of major clinical importance. If the differential diagnosis points to a strong possibility of a depression disorder, the patient preferentially should be treated for depression instead of androgen replacement therapy. thus, LC-Ms/Ms not only allows rapid, simultaneous, sensitive, and accurate quantification of T and F in saliva for diagnosis Loh in male or psychological disorders, but is also applicable for monitoring T and F levels after replacement therapy.
tern of change is similar to that in serum [27] . Salivary F shows marked diurnal changes, also demonstrated for blood F. Values determined between 6:00 a.m. and 9:00 p.m. differ markedly (5 to 7-fold). The pattern of diurnal change resembled that in blood. Thus, due to diurnal changes, T and F need to be collected at the same time each day to give meaningful results.
Many investigators recently reported salivary steroid hormones reflect serum free hormones [7, 32] . Saliva T reportedly correlates with age, differing from serum total t, suggesting its usefulness in the diagnosis of Loh in males and genital insufficiency [1, 7, 23] . Salivary F was found to clearly correlate with serum bioavailable F [5] . As salivary F and T reflect serum active F and T (Fig. 4a, b) , which have biological activity, they may be utilized for the diagnosis of endocrine diseases in clinical practice. Whether the hormone level in saliva is a good reflection of the serum hormone level, in cases of disorders, remains controversial.
recent studies in clinical psychology involving stress and anxiety have examined salivary F, suggesting its usefulness [2, 6] . The severity of depression is not associated with serum total F. However, its associ-
